Here we describe GoFish, a streamlined environmental DNA (eDNA) presence/absence 22 assay. The assay amplifies a 12S segment with broad-range vertebrate primers, followed by 23 nested PCR with M13-tailed, species-specific primers. Sanger sequencing confirms positives 24 detected by gel electrophoresis. We first obtained 12S sequences from 77 fish specimens 25 representing 36 northwestern Atlantic taxa not well documented in GenBank. Using the newly 26 obtained and published 12S records, we designed GoFish assays for 11 bony fish species 27 common in the lower Hudson River estuary and tested seasonal abundance and habitat 28 preference at two sites. Additional assays detected nine cartilaginous fish species and a marine 29 mammal, bottlenose dolphin, in southern New York Bight. GoFish sensitivity was equivalent to 30 Illumina MiSeq metabarcoding. Unlike quantitative PCR (qPCR), GoFish does not require 31 tissues of target and related species for assay development and a basic thermal cycler is sufficient. 32 Unlike Illumina metabarcoding, indexing and batching samples are unnecessary and advanced 33 bioinformatics expertise is not needed. The assay can be carried out from water collection to 34 result in three days. The main limitations so far are species with shared target sequences and 35 inconsistent amplification of rarer eDNAs. We think this approach will be a useful addition to 36 current eDNA methods when analyzing presence/absence of known species, when turnaround 37 time is important, and in educational settings. 3 38 Introduction 39 DNA profiling of ecological communities was first applied to terrestrial microbes [1]. 40 DNA extracted from soil samples-amplified with ribosomal RNA gene primers, cloned, and 41 analyzed by Sanger sequencing-revealed an enormous diversity of uncultured organisms. 42 Whole genome shotgun sequencing provided an alternative culture-independent approach [2]. 43 Combining targeted amplification with high-throughput sequencing, first 454 then Illumina, 44 eliminated cloning and Sanger sequencing, greatly facilitating microbiome study [3-5]. 45 Around the same time, ancient DNA techniques began to be applied to environmental 46 samples, with recovery of 10,000 years-old to 400,000 years-old plant and animal DNA from 47 fecal samples and sediments [6,7]. The earliest reports examining contemporary materials 48 include differentiating human and domestic sources in sewage-contaminated water [8] and 49 recovery of Arctic fox DNA from snow footprints [9]. Taberlet and colleagues were the first to 50 apply an environmental DNA approach to present-day ecology, demonstrating pond water eDNA 51 accurately surveys an invasive frog species [10]. Subsequent work revealed aquatic eDNA 52 detects diverse vertebrates and invertebrates in multiple habitats [11-15]. Aquatic eDNA assays 53 now routinely monitor rare and invasive freshwater species [16-19]. 54 Beginning in 2003, the DNA barcoding initiative firmly demonstrated that most animal 55 species are distinguished by a short stretch of mitochondrial (mt) COI gene [20-22]. This led 56 researchers to assess animal communities by "metabarcoding", i.e., high-throughput sequencing 57 of mtDNA segments amplified from environmental samples [23-26]. The sequence variability 58 that makes COI an excellent identifier of species hobbles broad-range primer design [27]. 59 Primers targeting highly conserved regions in vertebrate 12S or 16S mt genes [28-30] 4 60 successfully profile aquatic vertebrate communities [31-38]. Multi-gene metabarcoding promises 61 kingdom-wide surveys of eukaryotic diversity [39-43]. 62 Aquatic vertebrate eDNA assays challenge in design and execution. Developing a single-63 species qPCR test typically necessitates obtaining tissue samples of the target organism and 64 potential confounding species [e.g., 44], and running assays requires a dedicated thermal cycler. 65 High-throughput metabarcoding involves indexing and batching a large number of samples for 66 each sequencing run, and advanced bioinformatics expertise to decode output files. 67 To facilitate wider use, we aimed for an eDNA assay that did not require tissue samples 68 for validation and could be completed in less than a week. One straightforward technique is 69 species-specific amplification followed by gel electrophoresis and Sanger sequencing, as in early 70 eDNA reports [10]. However, our preliminary experiments generated visible products only in 71 samples with a high number of MiSeq reads, indicating low sensitivity. In addition, multiple 72 bands were frequent, likely to interfere with Sanger sequencing. 73 Nested PCR is a highly sensitive and specific approach to identifying genetic variants 74 [e.g., 45]. Nested PCR improves detection of earthworm eDNA from soil samples archived for 75 more than 30 years [46] and enables highly sensitive eDNA assays for salmonid fishes and a 76 fresh water mussel [47,48].
114
GoFish primers were designed for 11 fish species that together account for most (92%) 115 lower Hudson River estuary fish eDNA reads (Table 2 ) [52] . The nested primers generated 116 unambiguous presence/absence bands on gel electrophoresis (Fig 2) . In all samples analyzed so 117 far, Sanger sequencing confirmed GoFish amplified only targeted species. (Fig 1) . The apparent sensitivity 166 (method detections/total detections) for both protocols was about 80% ( Fig 5) . As expected, the 167 proportion of GoFish "drop-outs" differed by MiSeq read number-more abundant eDNAs were 168 amplified more consistently than were rarer eDNAs. 302 the latter was particularly helpful given the short amplicons generated by GoFish primers (Table   303 2).
304
The standardized amplification protocol described above was employed. Default 305 annealing temperature was 60 °C; if non-target amplification occurred, primers were tested at 306 65 °C. Three negative controls were included in all runs: the two negative controls from the 307 broad-range PCR, and a reagent-grade water blank. A 5 µl aliquot of each PCR reaction was run 308 on an agarose gel with SYBER Safe (Fig 2) ; positives were sent to GENEWIZ for cleanup and 309 bidirectional sequencing with M13 primers. Sequences were matched to a local file of 12S 310 reference sequences. 311 312 Metabarcoding
313
As a comparison, eDNA samples were also analyzed by MiSeq metabarcoding protocol 314 using broad-range primers that target 12S ECO V5 segment as previously described (Fig 1) [52].
315 Briefly, DNA samples from PowerSoil extraction were further purified with AMPure XP 316 (Beckman Coulter) and resuspended in 50 µl of Elution Buffer. Primer sequences and 317 amplification parameters are given in Table 1 . Each sample was amplified with ECO V5 primer 318 set as previously described, which effectively targets bony fish and mammals, and with a 319 modified ECO V5 primer set that favors cartilaginous fish ( Table 1) . As for MiFish 320 amplifications, tap water eDNA and reagent-grade water negative controls were included in all 321 sets. 5 μl of each reaction were run on a 2% agarose gel with SYBR Safe dye. Some negative 322 controls gave faint bands; with MiSeq, these turned out to be human or domestic animal DNA, 323 commonly observed in eDNA work [69] .
324
PCR products were diluted 1:20 in Elution Buffer and Nextera index primers [Illumina] 325 were added following the standardized amplification protocol with 13 cycles and annealing 326 temperature 55 °C. 5 μl of each reaction were run on a 2% agarose gel with SYBR Safe dye to
